and open discectomy for patients with lumbar disc herniation. methods The authors retrospectively extracted from the Diagnosis Procedure Combination database, a national inpatient database in Japan, data for patients admitted between July 2010 and March 2013. Patients who underwent lumbar discectomy without fusion surgery were included in the analysis, and those with an urgent admission were excluded. The authors examined patient age, sex, Charlson Comorbidity Index, body mass index, smoking status, blood transfusion, duration of anesthesia, type of hospital, and hospital volume (number of patients undergoing discectomy at each hospital). One-to-one propensity score matching between the MED and open discectomy groups was performed to compare the proportions of in-hospital deaths, surgical site infections (SSIs), and major complications, including stroke, acute coronary events, pulmonary embolism, respiratory complications, urinary tract infection, and sepsis. The authors also compared the hospital length of stay between the 2 groups. results A total of 26,612 patients were identified in the database. The mean age was 49.6 years (SD 17.7 years). Among all patients, 17,406 (65.4%) were male and 6422 (24.1%) underwent MED. A propensity score-matched analysis with 6040 pairs of patients showed significant decreases in the occurrence of major complications (0.8% vs 1.3%, p = 0.01) and SSI (0.1% vs 0.2%, p = 0.02) in patients treated with MED compared with those who underwent open discectomy. Overall, MED was associated with significantly lower risks of major complications (OR 0.62, 95% CI 0.43-0.89, p = 0.01) and SSI (OR 0.29, 95% CI 0.09-0.87, p = 0.03) than open discectomy. There was a significant difference in length of hospital stay (11 vs 15 days, p < 0.001) between the groups. There was no significant difference in in-hospital mortality between MED and open discectomy. coNclusioNs The microendoscopic technique was associated with lower risks for SSI and major complications following discectomy in patients with lumbar disc herniation.
E ndoscopic spinal surgery was developed as a minimally invasive spinal surgery. Microendoscopic discectomy (MED) was originally developed in 1997 for the treatment of lumbar disc herniation, 9 and since then, microendoscopic surgery techniques have been used for the treatment of several spinal disorders, including foraminal stenosis and disorders at the level of the spinal cord (i.e., cervical and thoracic spine), with favorable outcomes.
2,10, 15, 19, 21, 22, 25, 41 Several studies have demonstrated that endoscopic discectomy is associated with less invasiveness than open discectomy, with comparable clinical outcomes.
11-14,30, [32] [33] [34] [35] 37 However, because these studies involved small numbers of patients in single institutions, it remains unclear whether MED is truly a safer technique than open discectomy. Despite the clinical importance of understanding the risk for adverse surgical comorbidities, few nationwide studies have examined these issues by directly comparing MED and open discectomy. The purpose of this study was to compare the mortality and morbidities in patients with lumbar disc herniation who had been treated using MED and open discectomy based on a propensity score-matched analysis of data obtained from a nationwide administrative database in Japan.
methods data source
We used data abstracted from the Japanese Diagnosis Procedure Combination (DPC) database, the details of which have been described previously. [4] [5] [6] [7] 17, 24 Briefly, the database includes administrative claims data and discharge abstract data from approximately 1000 hospitals across Japan. All 82 academic hospitals are obliged to contribute to the database, but the participation of community hospitals is voluntary. Approximately 50% of all acute-care inpatients in Japan were included in the DPC database in 2011. The database includes the following information: patient age and sex; main diagnoses; surgical procedures; comorbidities that were already present at admission and complications that occurred after admission, recorded using International Classification of Diseases, 10th Revision (ICD-10) codes; length of stay; and in-hospital death. Surgical procedures are coded using original Japanese codes. The DPC database clearly differentiates between preoperative comorbidities and postoperative complications. Informed patient consent for inclusion in this study was waived because of the anonymous nature of the data. The study was approved by the institutional review board of The University of Tokyo.
patient selection and data
We extracted from the database data for patients admitted between July 2010 and March 2013. We included patients who underwent lumbar discectomy without fusion surgery. Patients requiring urgent admission were excluded. Patients who underwent surgery under local anesthesia were also excluded. The following details were examined: patient age and sex; body mass index (BMI); smoking status; Charlson Comorbidity Index (CCI); blood transfusion; duration of anesthesia; type of hospital (academic or nonacademic); and hospital volume (average annual number of patients undergoing discectomy at each hospital). The CCI can quantify the prognosis of patients enrolled in a large cohort and is widely used to measure case-mix administrative data. The index is based on a point-scoring system (from 0 to 40) for the presence of specific associated diseases. Quan and colleagues 29 have provided a validated chart showing how individual comorbidities correspond to a set of ICD-10 codes. Based on their protocol, each ICD-10 code associated with a comorbidity was converted into a score, and the scores were summed for each patient to determine the CCI.
outcomes
The clinical outcomes evaluated were in-hospital death, major complications, and surgical site infection (SSI). In this study, SSI was defined as cases that were coded as SSI (T813, T814) and required additional surgical intervention following the index discectomy.
statistical Analysis
To describe the patient demographic data, categorical variables were summarized as the number and proportion, and continuous variables were summarized as the mean and standard deviation (SD). We compared patient demographic data between the MED and open discectomy groups in the unmatched and propensity score-matched groups using the standardized difference. An absolute standardized difference > 0.1 was considered to indicate significant imbalance of a baseline covariate.
propensity score matching
To adjust for measured confounding factors, we performed propensity score matching. 8 To estimate propensity scores, we fitted a logistic regression model for the receipt of MED as a function of patient demographic and hospital factors, including patient age, sex, CCI, BMI, smoking status, duration of anesthesia, blood transfusion, type of hospital, and hospital volume. The C-statistic for evaluating the goodness of fit was calculated. Each patient in the MED group was matched with a patient in the open discectomy group with the closest estimated propensity score within a specified range (≤ 0.2 of the pooled SD of the estimated logits) using the nearest-neighbor method without replacement.
Fisher's exact test was used to compare the proportions of SSI, at least 1 major complication, and in-hospital death between the propensity-matched pairs of the MED and discectomy groups. The Mann-Whitney U-test was used to compare the median length of hospital stay between the propensity-matched pairs. Univariate logistic regression analysis for the propensity-matched population was performed to estimate the odds ratio (OR) and 95% confidence interval (CI) of the MED group with reference to the open discectomy group for SSI and at least 1 major complication. The threshold for significance was set at p < 0.05. All statistical analyses were conducted using SPSS version 20.0 (IBM Corp.).
results
A total of 26,612 patients were identified in the database. The mean age was 49.6 years (SD 17.7 years), and 17,406 patients (65.4%) were male. The median length of hospital stay was 15 days (IQR 11-20 days). Among all patients, 6422 patients (24.1%) underwent MED and 20,190 patients (75.9%) underwent open discectomy. By one-toone propensity score matching, 6040 pairs were selected. The C-statistic for goodness of fit was 0.683. Table 1 shows the patient demographic data in the unmatched and propensity score-matched groups. In the unmatched group, patients with a younger age, lower CCI, treatment in an academic hospital, and admission to a high-volume hospital were more likely to undergo MED. After propensity score matching, the distributions of the patient backgrounds were closely balanced between the MED group and the open discectomy group. Table 2 shows the proportions of in-hospital death, at least 1 major complication, SSI, and median length of stay in the unmatched and propensity score-matched groups. Fisher's exact test for the propensity score-matched groups showed no significant difference for in-hospital mortality Table 3 shows the results of logistic regression analysis for the occurrence of major complications and SSI. The 
discussion
The main finding of this study was that patients treated using MED experienced lower rates of postoperative SSI and major complications than patients treated with open discectomy, even after adjustment for the measured confounders using propensity score matching. The analysis of a nationwide database enabled us to investigate a large number of samples and to evaluate the magnitude and impact of surgical techniques on major postoperative complications.
Microendoscopic surgery for lumbar disc herniation was developed with the concept of preserving posterior elements (i.e., paraspinal muscles) as much as possible. 23 However, if postoperative complications often occurred, it would be concluded that endoscopic surgery is no longer a safe procedure, despite its lower invasiveness. Matsumoto and colleagues 18 reported the complication rates for endoscopic spinal surgery in a nationwide retrospective study. In their series, which included discectomy, laminectomy, fenestration, and fusion surgery, the incidence of surgery-related complications (e.g., dural injury) was 2.1%. One advantage of the present study was the study design using open discectomy as a comparable reference. Another advantage was including treated patients from multiple calendar years, while the study by Matsumoto and colleagues only evaluated patients treated in 2007. To the best of our knowledge, the present study is the first to compare postoperative complications between MED and open discectomy procedures for the treatment of lumbar disc herniation while adjusting for patient characteristics using propensity score matching. Our results suggest that the microendoscopic technique is safer and less invasive for the treatment of patients with lumbar disc herniation, as demonstrated by a lower risk of SSI and major complications. Data in the present study are consistent with those in previous reports evaluating minimally invasive techniques. 20, 26, 28, 38 In a retrospective study using an administrative database, McGirt and colleagues 20 reported that their minimally invasive technique was associated with a decrease in the incidence of SSI following 2-level posterior/transforaminal lumbar interbody fusion. O'Toole and colleagues postulated several possible reasons for the lower risk of SSI associated with minimally invasive surgery: reduced exposure of deep tissue, preventive effect of a tubular retractor for local contamination, smaller incisions, and reduced dead space in the surgical site after closure. 26 These advantages of minimally invasive techniques can apply to MED, although we were unable to identify the possible reasons for the reduced SSI risk in our study. Further analyses designed to investigate the pathomechanism of the lower invasiveness of MED are warranted.
This study also showed that the average length of hospital stay was significantly shorter for patients undergoing MED than for patients undergoing open discectomy, which was consistent with previous reports.
11,14,30 However, the average length of hospital stay in the present study (11 days in patients treated via MED) was longer than those in previous reports, which ranged from 1 to 2 days. 3, 9, 227, 32, 37 According to the Organization for Economic Cooperation and Development Health Statistics 2014, the national average length of hospital stay in Japan was 17.2 days, which was much longer than those in other countries (http:// www.oecd.org/els/health-systems/oecd-health-statistics-2014-frequently-requested-data.htm). In Japan, hospitals often provide both early postoperative care and subsequent rehabilitation in a single hospitalization. We believe that the longer hospitalization in the present study can provide more precise information on postoperative comorbidities reflecting surgical invasiveness.
This study has several limitations. First, the study was based on a retrospective observational design, and the treatment assignment was not random. Although measured confounders were adjusted by the propensity score analyses, the results may still be biased by unmeasured confounders. Second, the coded diagnoses may be less accurate than the diagnoses recorded in prospective studies because of possible misclassification or underreporting. However, we believe that the rate of miscoding was relatively low in the DPC database because the attending physicians recorded the diagnoses. Third, the DPC database does not provide detailed clinical information such as the surgeons' technical proficiency, size of disc herniation, detailed surgical procedure (e.g., use of a microscope in open discectomy), and detailed surgery-related complications (e.g., durotomy). Finally, we were unable to obtain data regarding mortality and complications that occurred after discharge; therefore, the long-term mortality and morbidities could not be evaluated.
conclusions
The present study suggests that the microendoscopic technique reduces the risk for SSI and major complications following discectomy in patients with lumbar disc herniation. Microendoscopic surgery can be a safer and less invasive procedure than open surgery. 
